Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español. ‫اﻟﺘﺮﺟﻤﺔ‬ ‫اﻟﻌﺮﺑﻴﺔ‬ ‫ﻟەذە‬ ‫اﻟﺨﻼﺻﺔ‬ ‫ﻓﻲ‬ ‫ﻧەاﻳﺔ‬ ‫اﻟﻨﺺ‬ ‫اﻟﻜﺎﻣﻞ‬ ‫ﻟەذە‬ ‫.اﻟﻤﻘﺎﻟﺔ‬
The international targets for tuberculosis control, framed within the United Nations'
Millennium Development Goals, 1 are to ensure that by 2015 the global TB incidence rate is declining and the global TB prevalence and death rates for 1990 are halved. 2 These targets are to be achieved by implementing WHO's Stop TB Strategy (founded on the core DOTS strategy), central to which is the prompt diagnosis of patients with active disease followed by supervised, short-course, combination chemotherapy. 3 The Stop TB Strategy sets the standards for case management today, as it is widely recognized that prompt treatment with the right drug regimens can cure almost all TB patients and save lives. However, combination chemotherapy has been widely available for at least 40 years and has thus affected TB transmission, incidence and mortality rates in industrialized countries since before the DOTS era. world. WHO estimates that the prevalence and death rates have been falling longer and faster than the incidence rate.
Where TB incidence is falling, we expect this to be attributable, at least in part, to DOTS and to programmes of case management that preceded DOTS. However, the effect of these treatment programmes on transmission and incidence is still unclear because other factors can reduce transmission (e.g. drier, well-ventilated homes occupied by fewer people) or lower the risk of developing active disease following infection (e.g.
improved nutrition 6 and waning HIV epidemics) 7 . A major challenge in TB epidemiology is to distinguish the effect of these factors from the direct effect of efforts to diagnose and cure patients with active TB. 8 To investigate the effect of case management programmes on TB incidence, we carried out a comparative analysis of factors that could be key direct or indirect Publication: Bulletin of the World Health Organization; Type: Public Health Reviews Article DOI: 10.2471/BLT.08.058453
Page 3 of 23 determinants of national TB incidence trends over [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The variables studied were readily available measures of specific aspects of the economy, the population, behavioural, biological and social risk factors, health services and the intensity of TB control. We conjectured that if TB diagnosis and treatment (including DOTS programmes) are having a greater effect in countries where they have been most widely implemented, then conventional indicators of programme performance, including case detection and treatment success rates, should emerge as dominant explanatory variables in an ecologic or correlation analysis. Conversely, if diagnosis and treatment are not yet the principal drivers of TB epidemics, then other factors should be more strongly associated with inter-country variation in TB incidence trends, both within regions and globally.
Methods
Cases of TB (in all its forms) reported annually to WHO were used to calculate trends in incidence rate, the latter expressed as the number of cases notified annually in a given country per 100 000 population. The single outcome variable used in this analysis was thus the annual rate of change in the TB incidence rate. Among 211 countries and territories that routinely provide data to WHO, we included only those whose trend in case notifications was judged to equal or closely reflect the underlying trend in true incidence. Countries were excluded if: (i) three or more years of data were missing from the 10-year series (for 22 countries, one or two missing values from the series were inserted by linear interpolation); (ii) notifications were highly variable between years (standard error/mean > 1/3, usually an indication of unreliable notification systems); or (iii) an upward trend was likely to have been affected by efforts to increase case detection or to notify a greater proportion of detected cases. Improved case finding often leads to steep rises in annual case notifications -rises greater than 20% on average -that cannot be due to real increases in TB incidence (e.g. as documented for Indonesia, Myanmar and the Democratic People's Republic of Korea), though in some countries, such as India, such rises are largely restricted to sputum smear-positive cases. 5 For China alone we calculated the trend in prevalence, rather than incidence, from a series of national population surveys, a more reliable source of information than case notifications. 9 The material (available at: www.who.int/tb/publications/en/) gives, for each country, data and statistics defining the reasons for inclusion or exclusion, together with the estimated trends.
We investigated the link between incidence trends and 32 independent variables that described aspects of each country's economy, population, behavioural and biological risk factors for TB, health services, and intensity of TB control, though not all data were available for all countries (Table 1 ; Appendix B, available at:
www.who.int/tb/publications/en/). For the entire world, and for each region separately, we first established the variables associated with incidence trends by unweighted, univariate linear correlation and regression carried out in Stata 9 (Centers for Disease
Control and Prevention, Atlanta, GA, United States of America). As a step towards stabilizing the residual variation in regression analysis, we used logarithmic transformations of the data on health expenditure per capita (three variables) and child mortality (one variable), for which country averages differed by a factor of 10 or more.
For data falling between 0 and 10 or 0 and 100 (23 variables), we used the arcsine square root transformation of the data expressed as a proportion. The transformations affect the details of the analysis, but untransformed variables yield the same general conclusions.
Combining biological and statistical criteria, significance in univariate regression was defined as r 2 ≥ 0.20 and P < 0.05 in 2-sided t tests (Appendix C, available at:
www.who.int/tb/publications/en/).
The 32 selected variables are directly and indirectly related to each other, in ways that are not always predictable. Thus, health spending can be measured in terms of total expenditure, government expenditure and expenditure in relation to gross domestic product (GDP); 17 these different measures are usually correlated. Tobacco smoking 19, 20 and diabetes are among the known risk factors for TB, 21 but they are more prevalent in wealthier countries with lower TB incidence. It was therefore unclear whether they would be positively or negatively associated with trends in incidence.
To identify the dominant factors among interrelated variables, those that were statistically significant in univariate regression were included in a multivariate linear regression model in which observations on the outcome variable (annual rate of change in TB incidence rate) were weighted by 1/variance. Independent variables that had low explanatory power in combination with others were removed one by one -the least significant at each step -to generate a minimal model containing only variables that were significant at P < 0.05 in 2-sided t-tests. The significance of the multivariate minimal model is given in terms of F statistics. Appendix A, Appendix B and Appendix C in the online supporting material give a full list of countries, country groups, data for trend calculations and explanatory variables, plus statistics for the fitted models.
Results
Incidence trends for the period 1997-2006 could be obtained for 64% (134) of the 211 countries and territories reporting to WHO, which represented 73% of the estimated global TB incidence in 2006; 77 countries did not satisfy the inclusion criteria (Appendix A). Among the 134 countries included in the study were 13 of the 22 countries defined by WHO as having a high burden of TB. 5 The 9 high-burden countries excluded a priori were Afghanistan, Bangladesh, Cambodia, Indonesia, Myanmar, Nigeria, Pakistan, Thailand and Uganda.
The incidence rate changed annually within a range of ±10% in the 134 countries, and declined on average in 93 countries. The average rate of change was −1.9% per year and the median rate was −2.2% per year, with the slightly skewed distribution shown in Fig. 1 . On average, the decline was fastest in high-income countries (average: −3.9% per year; 95% confidence interval, CI: −10.3 to 2.5; n = 26) and the average trend was upwards in sub-Saharan Africa (average: 1.8% per year; 95% CI: −6.1 to 9.7; n = 28; Fig. 2 ). Among 35 countries where the TB incidence rate was declining at more than 5%
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Page 6 of 23 per year, 10 were high-income, 8 were in central and eastern Europe, 7 were in Latin America and the Caribbean, and 10 in five of the six groups were islands. When countries within regions were compared, the annual variation in incidence trend was greatest among countries in central and eastern Europe (95% CI: ±11.2%; n = 25; Fig. 2 ).
For all 134 countries, 3 of the 32 independent variables were correlated with incidence trends at r 2 ≥ 0.2 and P < 0.05 (Table 2) . TB incidence was declining more quickly in countries that had a higher human development index, lower child mortality and access to improved sanitation (Fig. 3 , Fig. 4 and Fig. 5 ). Of the three key correlates, only child mortality was retained in the minimal multivariate model (combined model: r 2 = 0.32; P < 0.0001; Appendix C). Measures of how intensely TB control programmes were implemented varied widely among countries (e.g. the inter-quartile range for detection of smear-positive cases was 42-82%, and for treatment success among such cases, 73-88%; see also the ranges in Table 1 ); however, none of the seven direct measures of the intensity of TB control was associated with TB trends worldwide.
Because statistical significance depends on the magnitude of a biological effect and sample size, significant effects are harder to detect in regions with fewer data (Table 1 , Fig. 3 , Fig. 4 and Fig. 5 ). Of 192 possible associations (32 variables across 6 country groups), 2 were significant with the criteria r 2 ≥ 0.2 and P < 0.05. In Africa, the number of health workers and the expenditure on TB control per capita were significant correlates of TB incidence trends, but the association was positive: the more workers and the higher the expenditure, the higher the TB incidence (online supporting material, available at: www.who.int/tb/publications/en/).This is probably explained by the positive association between both of these explanatory variables and the prevalence of HIV infection (t > 3.5; P < 0.002). Central and eastern Europe showed the strongest set of associations with TB incidence trends ( Table 2) . Of the 12 variables that showed significance in the univariate analysis, per capita health expenditure and improved sanitation were dominant in the multivariate regression (r 2 = 0.89; P < 0.0001).
Among high-income countries, TB was declining more quickly in countries with fewer immigrants (measured by the proportion of TB patients who were foreign born), and with a higher (not lower) prevalence of diabetes, and both variables were retained in investigated here, 5 which are mainly in sub-Saharan Africa and in south-east Asia and the western Pacific.
The proposition that TB diagnosis and treatment programmes have not yet become the principal drivers of TB transmission and incidence will remain a hypothesis until four key assumptions can be tested. The first is that trends in case notifications reflect underlying trends in incidence. Some countries clearly had to be excluded from the analysis because their rising trends in case notification (for all forms of TB) obviously reflect improved case finding under DOTS rather than the underlying trend in incidence.
Exclusions of this kind are unlikely to lead to incorrect conclusions because they eliminate countries where improved case finding is associated with an increase, rather than the expected decrease, in reported cases. For the countries that were included in this analysis, the effect of treatment might not be discernible if a slow decline in TB incidence is masked by a moderate improvement in case detection.
The second assumption, essential in comparative analysis, is that there is measurable and meaningful variation among countries in incidence trends and their determinants. If TB control programmes were uniformly effective, their effectiveness would not be detectable in this analysis, but this seems unlikely because TB incidence is declining slowly and unevenly and because measures of the intensity of TB programme implementation vary greatly among countries. Moreover, our estimates of incidence trends are correlated with numerous biological, social and economic variables, which suggests that these trend estimates do reflect changes in incidence. Third, transmission and the risk of infection may have been greatly reduced by more than a decade of DOTS implementation, but perhaps we have not yet seen the latter's full effect on incidence. In this study, incidence trends were measured as 10-year averages (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Some countries did not have wide DOTS coverage for at least the first half of this period and most were treating patients with combination chemotherapy, though not necessarily with the recommended regimens. The alternative explanation is that treatment programmes do not find patients soon enough to substantially reduce transmission.
Fourth, the effect of treating patients to reduce transmission could be offset by factors that increase the risk of developing active TB following infection. Tobacco smoking (among women) and diabetes are risk factors for TB, but in this analysis both were associated with declining TB incidence. It may be that these factors reflect social patterns that are linked to health, health services and economic development in ways that override their importance as risk factors for TB. In multivariate analysis, tobacco smoking among women was replaced by factors more closely tied to the real determinants of epidemic TB trends, such as GDP per capita in central and eastern
Europe.
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Verifying whether trends in case notifications accurately measure trends in incidence calls for detailed studies of the completeness and accuracy of national TB surveillance systems, preferably coupled with surveys of infection, prevalence and mortality. 8 The Democratic People's Republic of Korea, which contributes to an unexpected, anomalous and doubtful link between TB and child mortality in Asia, is among the countries whose TB incidence trends need more careful evaluation.
Determining whether case detection and treatment success accurately measure the effect of TB programmes implementation on transmission calls for examining the entire process of diagnosis and treatment: the identification of suspected cases, delays in diagnosis, procedures for smear microscopy and culture, and treatment initiation and completion.
What is required, in short, is a diverse set of studies following those already done, for example, in China, Italy, Peru, South Africa, Spain and Viet Nam. 9, [24] [25] [26] [27] [28] Only with detailed investigations in countries will it be possible to distinguish the effect of TB control programmes from other factors affecting transmission and the progression from infection to active TB.
There are at least four further restrictions on the interpretation of these results.
First, the findings of this study do not exclude the possibility that DOTS programmes are relatively weak determinants of TB trends in many countries, with effects that are obscured by other, stronger biological, social and economic factors. Second, this analysis refers to trends in incidence; it says nothing about the number of patients cured or of deaths averted by combination chemotherapy. 29,30 Third, we cannot conclude that TB treatment has had no major effect on TB incidence in any country; in fact, national studies (e.g. China and Peru) 9, 24 and investigations in selected cities (e.g. Beijing and
New York) 31,32 clearly show that investing in prompt diagnosis and curative treatment can substantially reduce TB incidence in low-and middle-income countries. 4 
Supporting material
This supporting material includes:
1. Regression statistics for the minimal multivariate models (Table S1 ).
2. Reported versus predicted changes in TB case notifications per capita and residuals of fitted models ( Figure S1 ). The data in Appendices A-C are available as Excel files from the authors. Fitted models are portrayed graphically in Figure S1 below. Under 5 mortality (log 10 ) Change TB incidence (%/yr)
Notes on Appendix A: exclusion of countries from association analyses
We excluded some countries from the analysis (indicated in column "Include=1" in Appendix A) because the trend in case notifications was judged to be different from the underlying trend in true incidence. As described in the main text, we used three criteria to exclude countries, where (a) three or more years of data were missing from the 10-year series (one or two missing values from the series for 22 countries were inserted by linear interpolation), (b) notifications were highly variable between years (standard error/mean > 1/3, usually an expression of unreliable notification systems), or (c) an upward trend is likely to have been affected by efforts to increase case detection, or to notify a higher proportion of detected cases.
While the exclusion of data generally weakens analysis of this kind we note, first of all that, among the countries that were excluded are those where an increase in case detection is associated with an increase in case notifications, the reverse of the expected effect (if notification trends represent incidence trends). So including such countries would obscure the expected effect, rather than enhance it.
Second, the outcome variable in this analysis is the number of notified TB cases (all clinical forms). Many national TB control programmes (NTPs) improved the detection of only smear-positive cases under DOTS (the emphasis of the strategy), not the total number of TB cases (our outcome variable), and only the smear-positive numbers have increased. India is an example (see Figure S3 below; where our outcome variable is the slope of the top line). So it is possible, in principle, to see improved case finding and its impact in the same country using different data. We have also seen, in a few countries, associations between high rates of case detection or cure and falling incidence e.g. Morocco, Peru, Viet Nam (for some age groups) and several islands (Maldives, New Caledonia).
Further statistical analysis of the consequences of exclusion
To further explore the effects of including or excluding countries (besides Korea, mentioned in the text), we recalculated the univariate correlation coefficients for the full set of 172 countries (i.e. no exclusion) and compared the results obtained for 134 selected countries, as described in the main text.
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